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(e) Everybody is likely to experience a cysteine deficiency sooner or 














As everybody beyond the fifth decade of life will experience sooner or later a decrease in muscle 
function, a decrease in immune function, a decrease in plasma albumin concentration, and/or 
an increase in TNF-a concentration, it is hypothesized that practically everybody 

experiences sooner or later an ageing-related deficit in the body 
cysteine and glutathione reservoirs that warrants cysteine 
supplementation. This hypothesis implies that ageing may be 
postponed and frailty be avoided to some extent by supplementation 
of the ‘paravitamin’ cysteine. It is emphasized, however, that several details still 
require more systematic investigation. Although substantial negative side effects have not been 
observed in previous studies on cysteine supplementation, it is felt that the treatment protocols 
ought to be further improved to achieve maximum safety and efficacy over long periods of time. 

Properly done, cysteine supplementation can reasonably be expected 
to improve the quality of life in old age. With the availability of novel 
cysteine delivery systems with minimum amounts of calories, which 

are superior to any of the naturally available cysteine sources, it is 
conceivable that even the maximum human life span may be 

increased beyond the previous limit. 
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Cysteine/Glutathione Deficiency: A Significant and Treatable 
Corollary of Disease 


Abstract 

Glutathione (GSH) deficiency may play a pivotal role in a variety of 
apparently unrelated clinical conditions and diseases. Orally administered 














N-acetyicysteine (nac), which replenishes the cysteine required for GSH 

synthesis, has been tested in a large number of randomized placebo-controlled trials 
involving these diseases and conditions. This chapter focused on developing a base of evidence 


suggesting that NAC administration improves disease by increasing 
cysteine and/or GSH in a variety of diseases, thereby implying a 
significant role for GSH deficiency in the clinical basis of many 

diseases. To develop this base of evidence, we systematically selected studies which 
considered the hypothesis that the therapeutic efficacy for NAC is an indication that cysteine 


ind/or GSH deficiency is a pathophysiological part of the diseases studied. In this manner we 


focus this chapter on explaining the biological mechanisms of NAC therapy in 3 wide 

variety of disorders and demonstrate its ubiquitous role in improving 
disease that involves disrupted GSH and/or cysteine metabolism. 


20.1 Introduction 

Life-threatening hepatotoxicity in the setting of acetaminophen 
(APAP) overdose is due to depletion of glutathione (GSH), a vital 
cysteine-containing tripeptide that protects cells and organs against 
oxidant injury. GSH depletion can occur when supplies of cysteine 
are inadequate to maintain GSH homeostasis in the face of the 
increased GSH consumption. Thus, rapid administration of N- 
acetylcysteine (NAC), which is converted to cysteine by first-pass 


metabolism and provides the cysteine necessary to replenish the 


depleted GSH, is the standard of care for preventing injury in APAP 


overdose. 


GSH deficiency has also been recognized in a variety of apparently 
unrelated clinical conditions and diseases. NAC has been widely tested in 

randomized placebo-controlled trials (RPCTs) for efficacy in these diseases and conditions. In 
this chapter, we systematically review reports from early trials of NAC, which collectively 
suggest that GSH deficiency may be a common occurrence and that NAC may be a useful 
therapeutic adjunct for treating or preventing the development of this deficiency. 
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Endogenous Deficiency of Glutathione as the Most Likely Cause of 

Serious Manifestations and Death in COVID-19 Patients 
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Endogenous Deficiency of Glutathione as the Most Likely Cause of Serious Manifestations and 
Death in COVID-19 Patients 


Abstract 


Higher rates of serious illness and death from coronavirus SARS-CoV-2 (COVID-19) infection 
among older people and those who have comorbidities suggest that age- and disease-related 
biological processes make such individuals more sensitive to environmental stress factors 


including infectious agents like coronavirus SARS-CoV-2. Specifically, impaired redox 


homeostasis and associated oxidative stress appear to be important biological processes that 


may account for increased individual susceptibility to diverse environmental insults 

. The aim of 

this Viewpoint is to justify (1) the crucial roles of glutathione in determining individua 


responsiveness to COVID-19 infection and disease pathogenesis and (2) the feasibility of using 

glutathione as a means for the treatment and prevention of COVID-19 illness 

. The hypothesis 


that glutathione deficiency is the most plausible explanation for serious manifestation and death 
in COVID-19 patients was proposed on the basis of an exhaustive literature analysis and 


observations. The hypothesis unravels the mysteries of epidemiological data on the risk factors 
determining serious manifestations of COVID-19 infection and the high risk of death and opens 
real opportunities for effective treatment and prevention of the disease. 
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Cysteine is unique among the 20 amino acids in that its sulfhydryl 
side chain, when forming disulfide bonds, can dramatically impact the 
secondary and tertiary structure of a protein. Disulfide bonds enable 
loop formation within a polypeptide chain, can stabilize domains, and 
when altered, can result in significant changes to the topology of the 
protein (12-14) . The "knob" component of ultralong CDR H3 Abs, as a distinct and often 
cysteine-rich domain, can diversify its cysteine content to alter loop patterns and secondary 
structure. The potential of Abs with shorter CDR loops to use cysteine diversifications, either 
within CDR loops, between CDRs, or between framework regions (FW) and CDRs, to diversify the 
repertoire may also be an important diversity-generating mechanism in cows or other species. 


Given the low diversity potential of the bovine germline repertoire, we investigated the possible 
role of cysteines in creating diversity in the entire bovine Ab system. Remarkably, 

cysteines are unexpectedly heavily encoded in VH and DH germline 
regions of cows, which results in a diverse mature repertoire with 
great potential for alternative and diverse disulfide-bonded loops. 
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The importance of glutathione in human disease 


Danyelle M. Townsend,a,* Kenneth D. Tew,a and Haim Tapierob 


Abstract 

Reduced glutathione (GSH) is the most prevalent non-protein thiol in animal cells. Its de novo 
and salvage synthesis serves to maintain a reduced cellular environment and the tripeptide is a 
co-factor for many cytoplasmic enzymes and may also act as an important post-translational 
modification in a number of cellular proteins. The cysteine thiol acts as a nucleophile in 
reactions with both exogenous and endogenous electrophilic species. As a consequence, 
reactive oxygen species (ROS) are frequently targeted by GSH in both spontaneous and catalytic 
reactions. Since ROS have defined roles in cell signaling events as well as in human disease 
pathologies, an imbalance in expression of GSH and associated enzymes has been implicated in 
a variety of circumstances. Cause and effect links between GSH metabolism and diseases such as 
cancer, neurodegenerative diseases, cystic fibrosis (CF), HIV, and aging have been shown. 
Polymorphic expression of enzymes involved in GSH homeostasis influences susceptibility and 
progression of these conditions. This review provides an overview of the biological importance 
of GSH at the level of the cell and organism. 


Keywords: Glutathione (GSH), Glutathione transferases (GST), Reactive oxygen species (ROS), 
Human diseases 


1. Introduction 


Glutathione (GSH) is a water-soluble tripeptide composed of the 
amino acids glutamine, cysteine, and glycine. The thiol group is a 


potent reducing agent, rendering GSH the most abundant intracellular 
small molecule thiol, reaching millimolar concentrations in some 


tissues. As an important antioxidant, GSH plays a role in the 


detoxification of a variety of electrophilic compounds and peroxides 
via catalysis by glutathione S-transferases (GST) and glutathione 


peroxidases (GPx). The importance of GSH is evident by the 
widespread utility in plants, mammals, fungi and some prokaryotic 
organisms [1]. In addition to detoxification, GSH plays a role in other 
cellular reactions, including, the glyoxalase system, reduction of 














ribonucleotides to deoxyribonucleotides, regulation of protein and 

gene expression via thiokdisulfide exchange reactions [2]. 


The tripeptide can exist intracellularly in either an oxidized (GSSG) or reduced (GSH) state. 

Maintaining optimal GSH:GSSG ratios in the cell is critical to survival, 
hence, tight regulation of the system is imperative. A deficiency of 
GSH puts the cell at risk for oxidative damage. It is not surprising that 


an imbalance of GSH is observed in a wide range of pathologies, 


including, cancer, neurodegenerative disorders, cystic fibrosis (CF), 

HIV and aging. 

The role of GSH in these disorders will be discussed in this review. 
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Glutathione dysregulation and the etiology and progression of human diseases 


Abstract 

Glutathione (GSH) plays an important role in a multitude of cellular processes, including cell 
differentiation, proliferation, and apoptosis, and as a result, disturbances in GSH 


homeostasis are implicated in the etiology and/or progression of a 


number of human diseases, including cancer, diseases of aging, 


cystic fibrosis, and cardiovascular, inflammatory, immune, metabolic, 

and neurodegenerative diseases. 

Because of GSH's pleiotropic effects on cell 


functions, it has been quite difficult to define the role of GSH in the onset and/or the expression 



























of human diseases, although significant progress is being made. GSH levels, turnover rates 
and/or oxidation state can be compromised by inherited or aquired defects in the enzymes, 
transporters, signaling molecules, or transcription factors that are involved in its homeostasis, or 
from exposure to reactive chemicals or metabolic intermediates. GSH deficiency or a decrease in 
the GSH/glutathione disulfide (GSSG) ratio manifests itself largely through an increased 
susceptibility to oxidative stress, and the resulting damage is thought to be involved in diseases 
such as cancer, Parkinson's disease, and Alzheimer's disease. In addition, imbalances in GSH 
levels affect immune system function, and are thought to play a role in the aging process. Just as 
low intracellular GSH levels decrease cellular antioxidant capacity, elevated GSH levels generally 
increase antioxidant capacity and resistance to oxidative stress, and this is observed in many 
cancer cells. The higher GSH levels in some tumor cells are also typically associated with higher 
levels of GSH-related enzymes and transporters. Although neither the mechanism nor the 
implications of these changes are well defined, the high GSH content makes cancer cells 
chemoresistant, which is a major factor that limits drug treatment. The present report 

highlights and integrates the growing connections between 
imbalances in GSH homeostasis and a multitude of human diseases. 


Keywords: Glutathione, neurodegenerative diseases, aging, cancer, cardiovascular diseases, 
metabolic diseases 


Introduction 


GSH is required for many critical cell processes, buy plays a 
particularly important role in the maintenance and regulation of 


thiol -redOX status of the cell (Meisterand Anderson, 1983; Meister, 1984; Deleve and 
Kaplowitz, 1990; Wang and Ballatori, 1998; Sies, 1999; Hammond et al., 2001; Ballatori et al., 


2005; Schafer and Buettner, 2001). The redox state of the GSH/glutathione 
disulfide couple (GSH/GSSG) can serve as an important indicator of 

redOX environment (Jones, 2006; Kemp et al., 2008; Schafer and Buettner, 2001), and 
changes in this couple appear to correlate with cell proliferation (Shaw and Chou, 1986; 
Suthanthiran et al., 1990), differentiation (Nkabyo et al., 2002; Esposito et al., 1994; Hansen et 
al., 2001; Kim et al., 2004; Huh et al., 2005), or apoptosis (Hammond et al., 2001; Ballatori et al., 
2005; Won and Singh, 2006; Garcia-Ruiz and Fernandez-Checa, 2007; Sykes et al., 2007). Of 
significance, there is growing evidence that the reversible formation of mixed disulfides 
between GSH and low-pKa cysteinyl residues of proteins (S-glutathionylation) is an important 
mechanism for dynamic, posttranslational regulation of a variety of regulatory, structural, and 
metabolic proteins, and for the regulation of signaling and metabolic pathways in intact cell 
systems (Dalle-Donne et al., 2007; Ghezzi and Di Simplicio, 2007; Mieyal et al., 2008). 


GSH also plays a central role in cell death, including apoptotic cell 

death. GSH levels have been shown to influence caspase activity, transcription factor 









activation, Bcl-2 expression and function, ceramide production, thiol-redOX Signaling, 
and phosphatidylserine (PS) externalization. Another remarkable feature of cells undergoing 
apoptosis is that they rapidly and selectively release a large fraction of their intracellular GSH 
into the extracellular space (van den Dobbelsteen et al., 1996; Ghibelli et al., 1998; Oda et al., 
1999; Hammond et al., 2004, 2007). Although GSH extrusion may provide a simple mechanism 
to circumvent the normally protective functions of GSH, there is increasing evidence that GSH 
export is required for activation of specific apoptotic signaling pathways and/or for proper 
dismantling of cellular components (Coppola and Ghibelli, 2000; Hammond et al., 2001). GSH 
export may also be required for the co-transport of apoptotic signaling molecules, although 
there is little evidence for this hypothesis. 


Given the many important cellular processes that are influenced by 


GSH levels, it is not surprising that alterations in GSH homeostasis 


have been implicated in the etiology and/or progression of a number 

Of human diseases (Cerutti, 1985; Ballatori et al., 2005; Estrela et al., 2006; Franco et al., 


2007; Kinnula et al., 2007; Liu et al., 2004; Reynolds et al., 2007; Seifried et al., 2007; Townsend 
et al., 2003; Vali et al., 2007; Valko et al., 2007). However, given the many roles played by GSH, it 
has been difficult to ascribe causal relationships between changes in GSH levels or redox state 


and development of disease. The present report summarizes advances in the 


field, and integrates findings from diverse disciplines to elucidate 
possible common mechanisms and pathways that contribute to 
human disease. 
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Chapter Five - Glutathione as a Marker for Human Disease 


Abstract 












Glutathione (GSH), often referred to as “the master antioxidant,” 

participates not only in antioxidant defense systems, but many 
metabolic processes, and therefore its role cannot be overstated. 

GSH deficiency causes cellular risk for oxidative damage and thus as 

expected, GSH imbalance is observed in a wide range of pathological 

conditions including tuberculosis (TB), HIV, diabetes, cancer, and aging. Consequently, it is 
not surprising that GSH has attracted the attention of biological researchers and 
pharmacologists alike as a possible target for medical intervention. Here, we discuss the role 
GSH plays amongst these pathological conditions to illuminate hOW it Can be USed 3S 

a marker for human disease. 
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Glutathione Metabolism and Its Implications for Health 


Abstract 

Glutathione (y-glutamyl-cysteinyl-glycine; GSH) is the most abundant low-molecular-weight 

thiol, and GSH/glutathione disulfide is the major redox couple in animal 

cells. The synthesis of GSH from glutamate, Cysteine, and glycine is catalyzed sequentially 
by two cytosolic enzymes, y-glutamylcysteine synthetase and GSH synthetase. Compelling 
evidence shows that GSH synthesis is regulated primarily by y-glutamylcysteine synthetase 






















activity, cysteine availability, and GSH feedback inhibition. Animal and 
human studies demonstrate that adequate protein nutrition is crucial 
for the maintenance of GSH homeostasis. In addition, enteral or parenteral 
cystine, methionine, N-acetyl-cysteine, and L-2-oxothiazolidine-4-carboxylate are effective 


precursors of cysteine for tissue GSH synthesis. Glutathione plays important roles in antioxidant 
defense, nutrient metabolism, and regulation of cellular events (including gene expression, DNA 
and protein synthesis, cell proliferation and apoptosis, signal transduction, cytokine production 
and immune response, and protein glutathionylation). Glutathione doficiency 

contributes to oxidative stress, which plays a key role in aging and the 


pathogenesis of many diseases (including kwashiorkor, seizure, 


Alzheimer's disease, Parkinson's disease, liver disease, cystic 


fibrosis, sickle cell anemia, HIV, AIDS, cancer, heart attack, stroke, 


and diabetes). New knowledge of the nutritional regulation of GSH metabolism is critical 
for the development of effective strategies to improve health and to treat these diseases. 
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The central role of glutathione in the pathophysiology of human diseases 


Abstract 

Reduced glutathione (L-y-glutamyl-L-cysteinyl-glycine, GSH) is the 
prevalent low-molecular-weight thiol in mammalian cells. It is formed in a 

two-step enzymatic process including, first, the formation of y-glutamylcysteine from glutamate 
and cysteine, by the activity of the y-glutamylcysteine synthetase; and second, the formation of 
GSH by the activity of GSH sythetase which uses y-glutamylcysteine and glycine as substrates. 
While its synthesis and metabolism occur intracellularly, its catabolism occurs extracellularly by 


















series of enzymatic and plasma membrane transport steps. Glutathione metabolism and 


transport participates in many cellular reactions including: antioxidant defense of the cell, drug 
detoxification and cell signaling (involved in the regulation of gene expression, apoptosis and 


cell proliferation). 

Alterations in its concentration have also been 

demonstrated to be a 

common feature of many pathological 

conditions including diabetes, cancer, AIDS, neurodegenerative and 

liver diseases 

.Additionally, GSH catabolism has been recently reported 


to modulate redox-sensitive components of signal transduction 

Cascades. In this manuscript, we review the current state of knowledge on the role of GSH 
in the pathogenesis of human diseases with the aim to underscore its relevance in translational 
research for future therapeutic treatment design. 
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The Role of Glutathione in Viral Diseases of the Central Nervous System 
By Juliana Echevarria Lima 


2020-08-27 

The glutathione cycle shapes synaptic glutamate activity 

Source 

https://www.pnas.org/content/116/7/2701#:~:text=Glutathione%20mav%20be%20a%20physio 

logic%20reservoir%20of%20glutamate%20neurotransmitter.&text=Glutamate%20is%20the%20 




























most%20abundant%20excitatorv%20transmitter%20in%20the%20central,synapses%20(l%2C% 

202 ).&text=Glutathione%20metabolism%20is%20govemed%20bv%20the%20glutathione%20cy 

cle%20(Fig. 

Info cited on 2020-08-27-WD4(KIK?[MK‘^KH 109^8^ 27 0) by (WeiJin 

Tang) 

# 


The glutathione cycle shapes synaptic glutamate activity 

Thomas W. Sedlak, Bindu D. Paul, Gregory M. Parker, Lynda D. Hester, Adele M. Snowman, Yu 
Taniguchi, Atsushi Kamiya, Solomon H. Snyder, and Akira Sawa 

PNAS February 12, 2019 116 (7) 2701-2706; first published January 28, 2019 
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Contributed by Solomon H. Snyder, December 18, 2018 (sent for review October 18, 2018; 
reviewed by Stuart A. Lipton and Jonathan S. Stamler) 


Significance 


Glutathione is a major antioxidant and redox regulator in cells. Ir 


addition to its essential roles in redox homeostasis, it functions as 

cofactors for a multitude of enzymes. We show here that the 

ajor 

glutathione cycle molds the activity of synaptic glutamate, the m; 

excitatory neurotransmitter in the central nervous system. Deficits in 

glutathione have been linked to multiple neurodegenerative and 


neuropsychiatric disorders. Accordingly, agents that restore 


glutathione-glutamate homeostasis may afford therapeutic benefit. 


Abstract 


Glutamate is the most abundant excitatory neurotransmitter, present at the bulk of cortical 


synapses, and participating in many physiologic and pathologic processes ranging from learning 

and memory to stroke. 

The tripeptide, glutathione, is one-third glutamate 


and present at up to low millimolar intracellular concentrations in 
brain, mediating antioxidant defenses and drug detoxification. Because of 


the substantial amounts of brain glutathione and its rapid turnover under homeostatic control, 
we hypothesized that glutathione is a relevant reservoir of glutamate and could influence 
synaptic excitability. We find that drugs that inhibit generation of glutamate by the glutathione 
cycle elicit decreases in cytosolic glutamate and decreased miniature excitatory postsynaptic 
potential (mEPSC) frequency. In contrast, pharmacologically decreasing the biosynthesis of 
































glutathione leads to increases in cytosolic glutamate and enhanced mEPSC frequency. The 
glutathione cycle can compensate for decreased excitatory neurotransmission when the 
glutamate-glutamine shuttle is inhibited. Glutathione may be a physiologic reservoir of 


glutamate neurotransmitter 
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Glutathione "Redox Homeostasis" and Its Relation to Cardiovascular Disease 

Vladan P. Bajic,l Christophe Van Neste,2 Milan Obradovic,l Sonja Zafirovic ,1 Djordje Radak,3 
Vladimir B. Bajic ,2 Magbubah Essack ,2 and Esma R. Isenovic 1 


Abstract 

More people die from cardiovascular diseases (CVD) than from any other cause. Cardiovascular 
complications are thought to arise from enhanced levels of free radicals causing impaired "redox 
homeostasis," which represents the interplay between oxidative stress (OS) and reductive stress 
(RS). In this review, we compile several experimental research findings that show sustained 
shifts towards OS will alter the homeostatic redox mechanism to cause cardiovascular 
complications, as well as findings that show a prolonged antioxidant state or RS can similarly 
lead to such cardiovascular complications. This experimental evidence is specifically focused on 
the role of glutathione, the most abundant antioxidant in the heart, in a redox homeostatic 
mechanism that has been shifted towards OS or RS. This may lead to impairment of cellular 
signaling mechanisms and elevated pools of proteotoxicity associated with cardiac dysfunction. 


1. Introduction 

Glutathione (GSH) and its reduced form are the most prevalent thiol-containing peptides in 
eukaryotic cells [1, 2], Although GSH was described as a prominent reducing factor and the main 
antioxidant within the cells, subsequent investigations show that GSH exerts many other cellular 
















functions [2, 3], Indeed, GSH exerts multiple physiological functions including the proliferation, 
cell cycle regulation, apoptosis, catabolism of xenobiotics, glutathionylation of proteins, and the 
production of some steroids, lipid compound, and deoxyribonucleotides and represents an 
important source of cysteine [2-5], Taking into account all these features of GSH, it is not 
surprising that GSH plays an important etiological role in the development of numerous 
diseases, such as cardiometabolic and cardiovascular diseases (CVD) [6-9], 


Development and progression of CVD are characterized by substantial changes in the 
concentration of GSH and/or its oxidation state [9-12], Three different mechanisms have been 
proposed to be involved in GSH diminution: increased oxidation by intracellular oxidizing agents, 
increased conjugation to proteins, electrophiles, and xenobiotics, and increased extrusion across 
the cell membrane [9, 10,13]. Conversely, increased concentration of GSH in cells may cause 
negative effects, such as multidrug resistance [9,14]. Also, the dysregulation of GSH-dependent 
enzymes and GSH synthesis enzymes was observed in endothelial dysfunction [10, 12]. 


This review aims to highlight the role of GSH in the physiology and pathology of the 
cardiovascular system. 
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Plasma total glutathione in humans and its association with demographic and health-related 
factors 

Elaine W. Flagg (al), Ralph J. Coates (al), Dean P. Jones (a2), J. William Eley (al) (a3)... 
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Abstract 

The tripeptide glutathione is proposed to be protective against a 
number of chronic diseases including cardiovascular disease and 

Cancer. However, there have been few studies of plasma glutathione levels in humans and in 
those studies the numbers of participants have been very small. In an exploratory analysis the 
determinants of plasma total glutathione (GSHt) were investigated in a group of 100 volunteers 
aged 18-61 years in Atlanta, Georgia, USA during June and July 1989. Data on demographic and 
health-related factors were collected by interview and plasma GSHt was measured using a 
recently modified laboratory method. The mean concentration of plasma GSHt for all 100 
participants was 761 pg/l, with a standard deviation of 451 pg/l, a range of 86-2889 pg/1 and a 
median of 649 pg/l. Men had significantly higher levels of plasma GSHt than women (924 v. 692 
pg/l; P = 0-006). Seventh-day Adventists participating in the present study had higher plasma 
GSHt levels than other subgroups defined by race and/or religion. Among Seventh-day 
Adventists consumption of a vegetarian diet was associated with increased plasma GSHt 
concentration (P = 0-002). Plasma GSHt levels also appeared to vary by race, but relationships 
with race could not be clearly disassociated from relationships with religion. Among white 
participants plasma GSHt concentration decreased with age in women but increased with age in 
men (P = 0-05). Few other factors were associated with plasma GSHt concentration, although 
use of oral contraceptives (P = 0-10) was somewhat associated with decreased plasma GSHt 


levels. 

These findings suggest that plasma GSHt levels may vary with several demographic and 

health-related attributes and support the need for further research 

on this potentially 


important disease-preventive compound. 








